ABSTRACT: Purpose: This study aimed to determine the eye movement parameter(s) that is primarily affected when fully sighted subjects use plus-lens magnifiers for reading. Methods: Two forms of plus-lens magnifier were used: hand-held and spectacle-mounted. Eye movements were recorded using an infrared limbal reflection system as subjects read passages of text with and without the magnifiers. Data were compared for a young age group and an elderly (education-matched) age group. Results: For both age groups, a sawtooth pattern of eye movements was observed and reading speed was significantly (p ‫؍‬ 0.0001) reduced when using the magnifiers compared with reading without. 
Difficulty with reading is one of the major functional consequences of visual impairment, and most patients identify reading as their main requirement. Of the various devices to aid reading, plus-lens magnifiers (i.e., magnifiers that utilize a single convex lens in hand-held, stand, or spectacle-mounted form) are the most commonly prescribed. 1, 2 Although the magnification of the device facilitates visual processing, using a magnifier does impose some limitations.
When fully sighted readers use plus-lens magnifiers, reading speed is significantly slower than when reading without. 3, 4 Little attention, however, has been paid to the effects of magnifier use on eye movement dynamics. Such knowledge is fundamental to a better understanding of difficulties encountered by visually impaired patients when reading with magnifiers. This study aimed to determine which eye movement parameter(s) is/are primarily affected when fully sighted subjects use plus-lens magnifiers for reading.
Using a magnifier restricts normal reading in the following ways: the usual field of view (number of characters simultaneously visible) is artificially restricted by the dimensions of the magnifying lens and the level of magnification, and the reading task is made more complex by the requirement for correct manipulation of the device. The latter can be thought of in terms of "the page navigation problem": 5 to read through a page of text, the reader has to learn to move the magnifier from word to word along a line, and from the end of one line to the beginning of the next. Both the restricted field of view, and problems with page navigation, could adversely affect reading speed when using plus-lens magnifiers. 3, 4, 6 Magnification is normally perceived as a benefit; however, it could also contribute to the reduction in reading speed when normal observers use plus-lens magnifiers. Experiments involving enlarged text scanned across the face of a TV monitor have demonstrated that magnification per se only limits the reading speed of fully sighted observers when characters are quite large, Ͼ2°in size. 7 For many low-vision observers, there is a range of magnification for which reading speed is maximal; outside this range, too much or too little magnification limits performance. 8, 9 Reading speed depends on the time taken to read a passage (total reading time) which can be divided into two sections: the time taken to read along each line (line reading time), and the time taken to return from the end of one line to the start of the next (retrace time). The former is determined by eye movement parameters such as fixation duration, forward saccade length, and number of regressions, and the latter comprises the duration of the return sweep saccade and the time for any corrective saccades and associated fixations.
During the line reading phase, evidence from "window" studies 10 indicates that, in the absence of magnification, forward saccade length is the eye movement parameter most sensitive to changes in field of view. Retrace time has also been shown to be dependent on field of view, occupying up to 50% of total reading time for fully sighted subjects reading enlarged print on a closed-circuit TV (CCTV) system. 5 Building on these observations, this study examined the hypothesis that forward saccade length and retrace time would be the two parameters primarily affected when fully sighted subjects read with plus-lens magnifiers.
So far, only the effects of magnifier-related variables have been considered; however, nonvisual or reader variables, 11, 12 such as age, intelligence, and educational background are all factors that could potentially limit reading performance when using magnifiers. 3, 12 Most studies investigating the effects of plus-lens magnifiers on reading in fully sighted subjects have tended to use undergraduates as observers. 3, 4 The majority of magnifier users, however, are aged over 60 years. Therefore, in this study, age was investigated as an independent variable. To isolate age from other nonvisual variables, two groups of subjects were used who differed in age but had similar educational backgrounds. When reading without a magnifier, speeds are generally slower for older subjects than younger subjects. 13, 14 It was hypothesised that the same would also hold true when using a magnifier 15 and that the reduction in reading speed when fully sighted subjects use magnifiers would be greater for older subjects than younger subjects, because the former group might have greater difficulty with correct manipulation of the device.
METHODS Subjects
Two groups participated in the study: an elderly group composed of 10 subjects aged over 60 years, and a young group composed of 10 subjects (undergraduate students) aged under 35 years (Table 1 ). The elderly subjects were recruited through a graduate society and formed a fairly homogeneous group of active, highly educated pensioners in the habit of daily reading. The mean number of years of education were similar for the two groups (Table 1; unpaired t-test, p ϭ 0.50).
A full optometric examination was carried out on all subjects before undertaking the study. Only those with normal vision were included. Normal vision was defined as distance visual acuity of at least 0.0 log of the minimum angle of resolution (logMAR) for subjects under 70 years, or 0.1 logMAR for those aged over 70 years; no signs of ocular disease, other than those that would usually be accepted as normal aging changes; and full central and peripheral visual fields (Humphrey Visual Field Analyser, full-field 120-point screening). The visual acuity of the older subjects was slightly worse than that of the younger subjects (Table 1 ), but well within the range of normal values recorded by Elliott et al. 16 The differences between the two groups were significant for distance visual acuity (Table 1 ; unpaired t-test, p ϭ 0.027) and near word acuity (Table 1 ; unpaired t-test, p ϭ 0.0008). All subjects were naive to the experiment, had not previously used any type of magnifier for reading, and gave written informed consent before participating.
Apparatus and Materials
Reading passages (mean length, 120 words) were derived from two standardized tests of children's reading ability: the Neale Analysis of Reading Ability-Revised British Edition 17 and the New Reading Analysis, 18 levels 5 (10 -11 year olds) and 6 (11-12 year olds). The level of text difficulty was therefore well below the reading ability of the subjects, ensuring that reading speed was not limited by text difficulty. 19 Each passage was printed in 10-point Geneva font, single-spaced, left-justified with 72 character spaces on each line. The angular subtense of this print was 0.3°(x-height) at the working distance of 33 cm. This falls within the range of print sizes that maximize reading speed for both elderly and young subjects, 13 ensuring that reading speed was not limited by visual acuity.
Eye movements were recorded using a spectacle-mounted, infrared limbal reflection system (Type 54 balanced eye movement measurement system, Optoelectronic Developments, Havant, Hampshire, UK), which provided minimal obstruction of the reading field and ensured reading conditions as near normal as possible. 20 Data were collected using specialized software (Viewdac) at a sampling rate of 100 Hz and were stored on disk for subsequent analysis. Calibration was performed at the start of every reading trial using a strip of five horizontal markers (Ϯ10°, Ϯ5°, 0°) at a viewing distance of 33 cm. Head restraints were not used.
Two forms of plus-lens magnifier were used: a ϩ16 D handheld and a ϩ16 D spectacle-mounted (monocular form). The former was used at two working distances, 33 cm and 15 cm from the spectacle plane, creating horizontal fields of view of 7 and 14 characters, respectively ( Table 2 ). The spectacle-mounted magnifier was placed in the cell at the front of the trial frame on which the eye movement monitor was mounted and gave a field of view of 29 characters (Table 2) .
Procedure
Before eye movement recording, there was a period of familiarization (10 to 15 min) during which time subjects read practice passages with each of the magnifiers. They were encouraged to hold the hand-held magnifier at its focal length from the passage and to read by moving the magnifier across the text; no specific instructions were given with regard to head movement. When
TABLE 1.
Characteristics of subject groups (Means Ϯ SD). Distance visual acuity was measured using a Bailey-Lovie letter chart 36 and near word acuity using the Bailey-Lovie word reading chart 37 . using the spectacle-mounted magnifier, subjects were instructed to keep the head relatively still and to read by moving the text from right to left across the line of sight. Reading speeds were recorded with each magnifier at the beginning, middle, and end of the practice period. In most cases, there was an increase in reading speed between the beginning and middle of the period, but little difference between the middle and end. For the few subjects (n ϭ 2) who did demonstrate a noticeable increase in reading speed between the middle and end, a further period of practice was given. Each subject completed four reading trials, reading passages of text with the habitual reading correction (HC condition), the spectacle-mounted magnifier (SM condition) and the hand-held magnifier at working distances of 33 cm and 15 cm (HH33 and HH15 conditions, respectively) ( Table 2 ). Eye movements were monitored in each of these experimental conditions. The order of presentation of the conditions and texts was randomized. Subjects were instructed to "read with understanding" and four simple comprehension questions were asked at the end of each passage. Silent reading was used to prevent facial movements from contaminating the eye movement recordings. Silent reading is also more representative of normal reading than reading aloud.
To maintain consistency across conditions, viewing was monocular using the dominant eye (assessed using the Dolman hole in the card method 21 ). This is similar to the situation encountered by many visually impaired adults when reading. Each subject was optimally corrected with full aperture lenses. The text passages were supported on a reading stand and normal room lighting was used. The only exception being the case of the spectacle-mounted magnifier, when the text was hand-held and supplementary illumination was provided by a fluorescent angle poise light. The average text illuminance was 400 lux in all conditions.
Eye Movement Analysis
The normal pattern of reading eye movements (Fig. 1a) is typically a staircase pattern characterized by fixation pauses (average duration 250 ms) separated by saccades. Forward saccades move the eyes rightwards along the line of text, typically covering 8 characters, while regressions move the eyes back or leftwards. At the end of each line the eyes are returned to the start of the next by a large-amplitude return sweep saccade. A small corrective saccade is sometimes required to correct an undershoot of the return sweep (Fig. 1a) .
The eye movement recordings from the first and last lines read were excluded from the analysis. The following parameters were then determined for the remaining lines (Fig. 1a) : duration and number of fixation pauses; length and number of forward saccades; number of regressive saccades; and retrace time.
Following the method of Bullimore and Bailey, 22 forward saccade length was quantified as the number of characters per forward saccade (total number of character spaces divided by total number of forward saccades). This method does not take into account the number of regressions and therefore provides only an indirect estimate of true saccade length. It is, however, less time-consuming to carry out and simpler than measuring saccade length directly from eye movement traces.
Retrace time was defined as the period from the initiation of the return sweep saccade to the beginning of the first fixation on the next line (Fig. 1), i.e., the time taken in returning the eyes to the correct position at the start of the next line. For eye movement traces recorded with the habitual reading correction (HC condition), this included the duration of the return sweep saccade and the time required for any corrective saccades (Fig. 1a) . On some eye movement traces recorded when using the magnifiers, it was not always possible to distinguish the initial fixation. In this case, an estimation of the time for retrace was derived by measuring the time period between the initiation of the return sweep and the first forward saccade on the line and then subtracting the mean fixation duration for that line. 20 Unlike Beckmann and Legge 5 and Den Brinker and Bruggemann, 23 retrace time was measured from the eye movement traces rather than recordings of magnifier movements.
Reading time was also derived from the eye movement traces. The first and last lines were excluded from the eye movement analysis. Therefore, reading time was measured from the initiation of the first fixation on the second line to the initiation of the return sweep saccade at the end of the penultimate line. The number of words read between these points was then counted and silent reading speed determined in words per minute (wpm).
Statistical Analysis
The experimental design was based on a two-factor experiment; age and experimental condition, with repeated measures on the latter (HC, HH33, HH15, and SM). Therefore, a two-factor, repeated-measures analysis of variance (ANOVA) was used for the statistical analysis of differences in reading speed and eye movement parameters related to age and experimental condition. Fisher's PLSD test 24 was used for post hoc analysis where the ANOVA result was significant. 
RESULTS

Eye Movement Pattern
The characteristic staircase pattern of normal reading eye movements was observed for all subjects reading with the habitual correction (Fig. 1a) . By comparison, the staircase was modified to a sawtooth pattern when reading with the magnifiers (Figs. 1b-d) . The sawtooth is characterized by a slow pursuit movement to the left during each fixation pause followed by a fast saccadic movement (Fig. 1b-d) . In this experiment, the slow pursuit was induced either by the apparent motion of the text to the left as the hand magnifier was moved to the right along the text, or by the actual movement of the text through the field of the spectacle-mounted magnifier.
Retrace time was also characterized by a sawtooth or optokinetic-type movement when using the magnifiers (Fig. 1b-d) . The slow phase was, however, directed rightward, mainly as a result of the real or apparent movement of the text to the right in returning to the start of the next line.
Quantitative Analysis
Reading Speed. Reading speed was significantly (F 3,54 ϭ 33.99, p ϭ 0.0001) reduced from normal (HC) levels when both the hand-held and spectacle-mounted magnifiers were used (Fig.  2 ). There were, however, no significant differences (p Ͼ 0.05) in the mean reading speeds for the three magnifier conditions (HH33, HH15 and SM). Age was also a significant source of variance in the reading speed data (F 1,18 ϭ 9.52, p ϭ 0.006): reading was slower for all conditions for the older age group than the younger (significant at p Ͻ 0.05 for HC, HH33, and HH15) (Fig. 2) .
The reduction in reading speed when using the hand-held and spectacle-mounted magnifiers was expressed as a percentage of the normal (HC) reading speed. Overall, the percentage reductions were similar for the two age groups, in the range of 30 to 40% (Fig.  3) . A two-factor, repeated-measures ANOVA confirmed that age was not a significant factor in determining the amount of the reduction (F 1,18 ϭ 0.21, p ϭ 0.65), nor was the magnifier condition (HH33, HH15, and SM) (F 2,36 ϭ 0.75, p ϭ 0.48) and there was no significant interaction between age and magnifier condition (F 2,36 ϭ 0.89, p ϭ 0.42). The data, therefore, did not support the hypothesis that the reduction in reading speed when using a magnifier would be greater for older subjects than younger subjects.
Eye Movement Parameters. Forward saccade length and time for retrace were the two fundamental eye movement parameters primarily affected by the use of the magnifiers (Figs. 4 and 5) . The former decreased significantly (F 3,54 ϭ 55.67, p ϭ 0.0001), which contributed to the significant (F 3,54 ϭ 15.64, p ϭ 0.0001) increase in fixation numbers (Table 3) , whereas the latter increased significantly (F 3, 54 ϭ 63.14, p ϭ 0.0001) from normal (HC) levels. These changes are clearly evident in Fig. 1b-d (reading with magnifiers) compared with Fig. 1a (reading without magnifier) . In addition, there was also a significant (F 3,54 ϭ 23.81, p ϭ 0.0001) decrease in the number of regressions when using the magnifiers (Table 3) . For all eye movement parameters, except fixation duration (see later), there were no significant differences (p Ͼ 0.05) in the results for the three magnifier conditions (SM, HH33 and HH15) ( Table 3) .
Age was a significant source of variance in the data for the following eye movement parameters: forward saccade length (F 1,18 ϭ 8.87, p ϭ 0.009), retrace time (F 1,18 ϭ 11.30, p ϭ 0.004), numbers of regressions per line (F 1,18 ϭ 7.08, p ϭ 0.016), and
FIGURE 2.
Mean reading speeds for each experimental condition and both age groups. Error bars represent 1 SD from the mean.
FIGURE 3.
Mean percentage reductions in reading speed from normal (HC) levels for each magnifier condition and both age groups. Error bars represent 1 SD from the mean.
FIGURE 4.
Mean forward saccade lengths for each experimental condition and both age groups. Error bars represent 1 SD from the mean.
Eye Movements with Magnifiers- Bowers 29 fixations per line (F 1,18 ϭ 9.52, p ϭ 0.006). In all conditions, forward saccades were shorter (Fig. 4) , retrace times longer (Fig. 5) , and regressions and fixations more numerous (Table 3) for the older subjects than for the younger.
Fixation duration was the only eye movement parameter that did not show a significant effect of age (F 1,18 ϭ 3.12, p ϭ 0.094), although there was a trend for the older subjects to make longer durations (Table 3 ). This parameter was also the only one for which there was a significant interaction between age and experimental condition (F 3,54 ϭ 3.73, p ϭ 0.022). For the young subjects, the mean duration of the fixation pauses was very consistent across all of the experimental conditions; however, for the older subjects there was a trend for durations to be longer when using the hand-held magnifier, but shorter (p Ͻ 0.05) when using the spectacle-mounted magnifier, compared with the HC condition (Table 3) .
To more fully assess the increase in retrace time when using the magnifiers compared with not using them, retrace time was expressed as a percentage of total reading time. There was a significant increase in this percentage when reading with the magnifiers (F 3,54 ϭ 68.96, p ϭ 0.0001); however, Ͻ 20% of the total reading time was taken up by retrace (Fig. 6) . Age was not a significant source of variation in this percentage (F 1,18 ϭ 0.87, p ϭ 0.36 ) and there were no significant differences (p Ͼ 0.05) in the values for the three magnifier conditions.
DISCUSSION
Effects of Magnifier Use on Reading Performance
In this experiment, four effects have consistently been observed when older and younger fully sighted subjects use plus-lens magnifiers for reading: a decrease in reading speed of about 35%, a sawtooth pattern of eye movements, a decrease in forward saccade length, and an increase in the time required for retrace compared with reading without a magnifier. These results confirm the hypothesis that forward saccade length and retrace time are the two parameters primarily affected when fully sighted subjects read with plus-lens magnifiers. In general, the form of plus-lens magnifier (hand-held or spectacle-mounted) had no significant effect on the results obtained under the experimental conditions of this investigation, despite the differing fields of view and method of use. The data of Mancil and Nowakowski 3 also indicated no significant difference in reading speed for young, fully sighted observers using hand-held and spectacle-mounted magnifiers.
Reading Speed and Eye Movement Parameters
Both the decrease in forward saccade length and increase in retrace time contributed to the reduction in reading speed when using a magnifier. The former led to an increased number of forward saccades and fixation pauses, thereby increasing total reading time and reducing reading speed. The increase in retrace time highlighted the fact that returning to the beginning of a new line was more difficult when using the magnifier than reading under normal conditions. On initial inspection of the eye movement data, the changes in retrace time were the most dramatic; however, their influence on reading speed was less important than the changes in forward saccade length. Although the percentage of time devoted to retrace increased significantly from about 6% to TABLE 3.
Results for the two age groups (means Ϯ SD)
19% when using the magnifiers, the majority of the reading time was still taken up by reading along the line, rather than in retrace. Hence, any decrease in forward saccade length would inevitably have a major effect on reading speed.
It is interesting to note that, in studies of normal subjects reading with magnifiers, there is some degree of variation in the percentage of total reading time taken up by retrace.
5, 6 Neve 6 found that normal subjects with simulated visual impairment moved a hand-held magnifier about three times more quickly when returning to the next line than when reading along a line, which suggests that about 25% of reading time was taken up by retrace. This is similar to the value found in this experiment. By comparison, the amount of time devoted to retrace seems to be higher when a CCTV is used. Beckmann and Legge 5 reported a value of 50% for fully-sighted subjects reading 3°characters with a CCTV. The plus-lens magnifiers in the present study increased angular print size to about 1.2°; therefore, the much greater print size in the Beckmann and Legge 5 study might have limited the speed of return when using the CCTV, especially if there was a degree of phosphor blur that the subjects were trying to avoid. Alternatively, retrace might just be more difficult with a CCTV than a conventional plus-lens magnifier.
Decrease in Forward Saccade Length
As discussed above, the decrease in forward saccade length was the main eye-movement parameter accounting for changes in reading speed. Three factors could have contributed to the reduction in saccade length: the sawtooth pattern of eye movements, the level of magnification, and the restricted field of view. Buettner et al., 25 measuring eye movement parameters for text drifting across the face of a TV monitor, found that the sawtooth pattern, in the absence of additional factors, such as magnification and restricted field of view, resulted in saccades that were 16% shorter in terms of character spaces than when reading stationary text.
As text is magnified, the number of characters that can be recognized on a single fixation (the visual span) decreases. 26, 27 Contributory factors include the decrease in retinal resolution and cortical magnification with increasing retinal eccentricity, as well as lateral interaction effects. 26 It might therefore be expected that forward saccade length would also tend to decrease with increasing magnification, as the number of characters recognized on each fixation reduced. Experimental data reveals that for modest changes in print size, up to about twice the size of standard print (Ϸ0.5-0.6°), angular saccade size increases proportionally; thus, saccades cover the same number of characters for both enlarged and standard print. 28, 29 However, for greater increases in print size, it is unlikely that angular saccade size would continue to increase proportionally, and each saccade would take in fewer characters.
Field of view seems to significantly limit forward saccade size (measured in character spaces) only when the field of vision is limited to fewer than eight characters to the right of fixation 10, 30 -32 and two characters to the left, 30, 32 for unmagnified, stationary text. However in studies in which drifting text has been used, 7, 8 the general conclusion seems to be that, irrespective of print size, a minimum field size of four to five characters is required for optimal reading speed in the absence of retrace. 5 Eye movement data were not presented in the Beckmann and Legge 5 experiments; therefore, the precise effects of field of view on saccade length are unknown. The implication, however, is that with drifting text, once the field width is Ͼ5 characters, forward saccade length (measured in character spaces) might be constant over a wide range of print sizes. Indeed Legge et al. 7 commented from preliminary eye movement data, that "the eyes travel with the text across the screen until four or five new letters have been painted on the retina," suggesting that average forward saccade length is four to five characters for text scanned across a display monitor.
When a magnifier is used, both magnification and a restriction in the field of view result. The question then arises as to which factor is primarily responsible for any observed changes in saccade length compared with reading without the magnifier. In the present experiment, field of view ranged from 7 to 29 characters when using the magnifiers, yet mean saccade size was similar for all the reading conditions in which magnifiers were used. Therefore it seems that the restriction in the field of view was not the main factor reducing the size of the saccades in this experiment; rather, it was the level of magnification (Ϸ 4ϫ).
Data from an experiment in which field of view was systematically varied for a fixed, (low/moderate) level of magnification suggests that a field width of around eight to nine characters is critical, in terms of reading speed, for young, fully sighted subjects using stand magnifiers. 15 Reading speed decreased markedly below the critical field size, with only slight increases at larger field sizes. 15 This evidence suggests that if field widths of less than seven characters had been used in this experiment, field of view per se might have had a much greater effect on forward saccade length and reading speed.
Fixation Durations
Each fixation duration comprises both the time required for conceptual processing of words and the programming of the next saccade. When text visibility is reduced, processing becomes more difficult and fixation durations increase. 20, 22, 29 For the young subjects, mean fixation durations were remarkably consistent across all experimental conditions, suggesting that text visibility was good in all circumstances and that the time required for text processing and saccade planning were similar whether reading with Mean retrace times expressed as a percentage of the total reading time for each experimental condition and both age groups. Error bars represent 1 SD from the mean.
Eye Movements with Magnifiers- Bowers 31 or without a magnifier. By comparison, experimental condition had more of an effect on fixation duration for the older subjects, who made noticeably shorter fixations for the spectacle-mounted than the hand-held magnifier.
The elderly subjects reported that they preferred the spectaclemounted magnifier to the hand-held magnifier because they found it difficult to keep the hand magnifier at the correct distance from the page; they noted fewer problems with maintaining the text passage at the optimal distance from the spectacle-mounted magnifier. If the hand magnifier were not being held at the correct distance from the page, a defocused retinal image would have resulted. It is relatively easy for young subjects to compensate for such defocus by altering the level of accommodation, however the ability to do this is reduced in elderly subjects. It is possible, therefore, that when the older subjects used the hand-held magnifier, retinal image defocus reduced text visibility and increased the time required for text processing within each fixation pause.
The Effect of Age
In agreement with previous studies for normal subjects reading both with 15 and without magnifiers, 13, 14 the older observers generally read more slowly than the younger observers. The difference was significant (p Ͻ 0.05) for the conditions involving the handheld magnifier and reading without a magnifier, and was mainly a consequence of the older observers making shorter saccades, longer retrace times and more numerous regressions. Age, however, did not affect the percentage of total reading time devoted to retrace. The reduction in saccade length with age might, in part, have resulted from a decreased visual span caused by age-related losses in contrast sensitivity. When text contrast or effective text contrast is reduced, visual span decreases; consequently, fewer characters are recognized on each fixation and a reduction in forward saccade length occurs. 27 Although the older observers read more slowly than the younger, the percentage reduction in reading speed when using the magnifiers was similar for the two age groups. The data did not support the hypothesis that the reduction in reading speed would be greater for older subjects than for younger subjects. It had been suggested that this might be the case because of age-related difficulties with magnifier manipulation. The elderly subjects in this study were not, however, a truly representative sample of the general population over 60 years of age: they were all highly educated and mentally very alert, chosen to provide a group that were as similar as possible to the young group in terms of educational background. With the exception of one subject, all of the older observers could be considered as "young-old" (Յ 74 years) as distinct from "old-old" (Ն 75 years). 33 Much of the age-related differences in cognitive abilities occurs between the 60 -69 and 70 -79 age groups 34 ; thus, it might be expected that with a more diverse group of subjects and a wider age range, the reduction in reading speed when using the magnifiers might have been greater for the older than the younger subjects.
CONCLUSIONS
This study has confirmed that, compared with reading without a magnifier, the reduction in reading speed that occurs when fully sighted subjects use plus-lens magnifiers is primarily a result of decreased forward saccade length and, to a lesser extent, increased time for retrace. Although retrace time increased by 0.6 to 1.0 s per line when using the magnifiers, it still occupied only about 20% of the total reading time and consequently had a lesser impact on reading speed than changes in forward saccade length. The form of magnifier used, hand-held or spectacle-mounted, had no significant effect on reading speed or eye movement parameters.
The conclusions of this study are limited to fully sighted persons using magnifiers for a short time. Changes in reading speed and eye movement parameters, which might occur as a patient adapts to using a magnifier, 35 were not investigated. The results, however, do provide baseline information for future research into the reading performance of visually impaired observers when using pluslens magnifiers.
